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Adrenalin Has Differential Effects on Epidermal Cell Cycle Progression 
in Mice 
OLE PETTER FRAAS CLAUSEN, M.D., ERIK THORUD, M.D., AND OLAV HILUIAR IVERSEN, M.D. 
Institutes of Forensic Medicine (OC) and Pathology (OC, ET, & OJ), University of Oslo, Rihshospitalet, Oslo, Norway 
The cell kinetic response after intraperitoneal injec-
tion of 10 p.g adrenalin was investigated in hairless 
mouse epidermis. Changes in the proportion of cells in S 
and G2 phase were studied by means of flow cytometry 
of isolated basal cells. Changes in the proportion of cells 
in prophase and metaphase, changes in the mitotic rate 
(Colcemid method) and in cell cycle progression of 3H-
TdR labeled cells were studied in histologic sections. 
The results showed that adrenalin has a differential 
effect on cell proliferation in mouse epidermis. The cell 
progression rate from S phase through G2 phase to me-
taphase is increased in one cohort of cells shortly after 
adrenalin injection. Simultaneously another cohort of 
ce lls is reversibly delayed or blocked in prophase. In 
agreement with most previous studies a significantly 
reduced cell division rate was seen 2-3 hr after adrenalin 
injection. At this time the proportions of cells in pro-
phase and G2 phase were normalized, whereas a signifi-
cant increase in. the proportion of cells in S phase had 
occurred. This indicates that a secondary delay in cell 
cycle progression out of S phase might be responsible 
for the reduced mitotic rate seen after adrenalin admin-
istration. 
Several investigations have sh own that adrenalin h as a n 
a n t imitotic effect on mouse epidermal cells [1-4]. Evensen 
concluded from in vivo studies of hairless mouse epidermis that 
a drenalin increased the mitotic rate during the first hour after . 
administration [5]. Bullough and Laurence showed in mouse 
ear epidermis in vitro that a drenalin, in a ddition to its inhibitory 
effect on cell division, also accelerated cell progression out of 
mitosis for cells already in division [ 4]. Only effects on cell 
division were studied in these investigations . Changes in the 
proportion of mitoses, however, might reflect primary effects of 
adrenalin on other cell cycle phases than mitosis. To obtain a 
more complete picture of adrenalin effects on epidermal cell 
cycle in mice, we therefore used cell kinetic methods that could 
register cell progression at various stages of the cell cycle. 
MATERIALS AND METHODS 
Hairless mice of the hr/ hr Oslo strain, 60-90 days old and weighing 
ab.out 25 gm were used in aU experiments. Eight animals were kept in 
each cage and supplied with water and food ad libitum under standard 
conditions. 
Four animals from each cage were injected intraperitoneally (i.p.) 
with 10 p.g adrenalin (0.1 mg/ml, NAF, Oslo) in 0.5 ml isotonic NaCl. 
This dose was used since it significantly reduced the mitotic rate in 
several mouse epithelia [6]. The remaining 4 animals served as controls 
and were injected wi~h 0.5 ml isotonic NaCl. Animals were sacrificed at 
various in tervals after adrenalin or saline administration and always at 
noon. 
Cell Separation and Flow Cytometric DNA Measurements 
Pieces of skin were removed from the animals' backs with an elec-
trokeratotome [7]. Basal cells were separated from differentiating cells 
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by means of trypsin digestion [8] and shaken off into suspension. The 
isolated basal cells were fixed in absolu te ethanol, RNase treated, 
stained with ethidium bromide [9) and measured with an ICP 11 pulse 
cytophotometer (Phywe AG, Giittingen, West Germany). The DNA 
frequency distributions were obtained as histograms, each histogram 
representing 10-20,000 cells (Fig 1), and the propor tion of cells in G~, S 
and G2 phase calculated by a planimetric method [10,11]. The values 
were expressed as percentages of control values. 
"H -TdR Studies 
Groups of animals were injected i.p. with 30 p.Ci "H-TdR (Sp act 6.7 
mCi/mMol, New England Nuclear, Boston) immediately before adJ·en-
alin injection, and killed at intervals after injection. The back skins of 
the animals were immediately flayed off, fixed in Bouin's solution for 
4 hr, dehydrated, embedded in paraffin, cut at 5 p.m, dipped in Kodak 
NTB 2 frlm emulsion diluted (1:1) with distilled water, exposed for 2 
weeks, developed and stained with hematoxylin. A total of 30 mitoses 
from each animal were counted; and, based on the background activity, 
cells with 3 grains or more over the nucleus were considered as labeled. 
The number of labeled and unlabeled mitoses were counted and the 
proportion of labeled mitoses calculated. 
Mitotic Parameters 
Groups of animals were killed at intervals after adrenalin injection. 
The back skins were immediately flayed off and histologic sections 
were processed as described in the "H-TdH section. The numbers of 
prophases and metaphases were scored separately for 1,000 basal cells 
in each specimen and expressed as percentages of control values. 
Groups of animals were injected with 0.15 mg Colcemid (Ciba, Basel, 
Switzerland) in 0.15 ml solut ion at the t ime of adrenalin inj ection or 4 
hr before sacrifice. Adrenalin injected and control groups were sacri-
ficed from 1.5 to 5 hr after adrenalin injection. The proportion of 
Colcemid arrested metaphases was calculated in each group. Increased. 
numbers of metaphases appear at about 1 hr after Colcemid injection 
in mouse epidermis [12). In order to study separately early adrenalin 
effects on the mitotic rate, Colcemid was given at 1.5 hr before the 
adJ·enalin injection. Groups of animals were sacrificed at intervals from 
10 min to 3 hT after adJ·enalin injection. In both Colcemid experiments 
histologic sections were made as described in the "H-TdR section. 
Colcemid arrested metaphases were counted for 1,000 basal cells in 
each specimen. 
The mitot ic duration (TM) can be calculated when estimates of the 
mitotic index (MI) and the mitotic rate (RM) for a given period aTe 
known. 
MI 
TM=-
RM 
The mitotic rates after adrenalin and saline injection were calculated 
for the 0-1 hr interval from Table II, and for the 2- 3 and 3- 4 h.r 
intervals from T able III. The proportions of prophases and metaphases 
for the corresponding intervals were calculated from Table I, and the 
duration of prophase and metaphase, respectively, calculated as indi-
cated above. 
A two-tailed Students t-test was used for statistical analyses, and the 
p-value indicated in the text when p < 0.05. 
RESULTS 
Flow Cytometric DNA Measurements 
There was a moderate but significant reduction in t h e pro-
portion of cells with S phase DNA content within the first hr 
after a drenalin a dministra tion (p < 0.05 at 15 min) . Thereafter 
the values increased gradually resulting in an overshoot at 3 hr 
(p < 0.05), whereafter control values were reached (Fig 2) . 
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The proportion of cells with G2 phase DNA content reached 
a significant peak 30 min after adrenalin administration (p 
< 0.05), that was followed by a reduction at 4 hr (Fig 3). 
Mitotic Parameters 
There was a significant increase in the proportion of pro-
phases 1 hr after adTenalin injection (p < 0.01). Control levels 
weTe reached at 2 hr, followed by a subsequent increase from 3 
to 5 hr (Fig 4, Table 1). The proportion of metaphases reached 
a minimum value of about 10% of controls 1 hr after injection 
( p < 0.01), which was followed by a gradual increase and a final 
overshoot (Fig 5, Table 1) . 
The Colcemid arrest of metaphases showed that the mitotic 
rate of epidermal cells was not significantly different from that 
of controls during the first 1.5 hr after adrenalin injection 
(Table II). A significant drop to about 60% of control values (p 
< 0.05) occurred between 2 and 3 hr, and control levels were 
reached at 4 and 5 h1· after adrenalin injection (Table III). 
The calculated estimates of the prophase and metaphase 
durations are shown in Table IV. Dming the fu·st hr after 
adrenalin administration the prophase duration was consider-
ably increased compared with that of saline treated controls, 
whereas the metaphase dmation was slightly reduced. 2-3 hr 
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FIG 1. Example of DNA distribution of isolated basal cells from 
hairless mouse epidermis. A 8 X magnification of the pulses in the S 
and G2 region is shown. 
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after adrenalin administration the prophase duration was still 
increased, whereas control values were reached at 3-4 hr. The 
metaphase duration was not significantly affected by adrenalin 
during the 2-3 ru· and 3-4 hr intervals. Both prophase and 
metaphase dmations showed reductions with time in the saline 
injected controls. 
The percent labeled mitoses was increased compru·ed with 
controls during the first 1.5 hr after adrenalin injection. A 
drop to below control values (p < 0.05) occurred at 3 hr (Fig 6). 
DISCUSSION 
The reduced proportions of cells in S phase shortly after 
adrenalin administration coincides with an increased proportion 
of G2 cells and is followed by a peak of cells in prophase. This 
sequence of changes in magnitude of the cell comprutments 
strongly indicates that adrenalin increases the rate of cell cycle 
progression out of S phase, through G2 phase and into prophase 
in a synchronous way. Cells in S phase reach prophase in less 
TABLE II. Changes in the proportion of Colcemid arrested 
metaphases in the basal cell layer of hairless mice after i.p . injection 
of 10 pg a.drenalin" 
Arrested metaphases per 1,000 basal cells 
Time after 
adrenal in After Controls % of Controls adrenal in 
10 min 22.9 ± 1.6" 21.8 ± 2.9 105 ± 7 
15 min 18.3 ± 4.0 22.0 ± 3.5 83 ± 18 
20 min 17.3 ± 1.1 14.5 ± 1.5 119±8 
25 min 16.8 ± 2.3 15.3 ± 3.5 llO ± 15 
30 min 20.3 ± 3.8 16.7 ± 3.2 122 ± 23 
45 min 22.3 ± 4.9 23.0 ± 4.8 101 ± 21 
1 hr 18.5 ± 4.7 20.5 ± 1.0 90 ± 23 
1 hr 30 mil} 18.0 ± 1.7 15.0 ± 2.3 120 ± 11 
3 hr 17.8 ± 2.6 45.3 ± 0.3 39 ± 6 
" Colcemid was given 1 hr and 30 min before adrenalin administra-
tion . 
" ±SEM. 
TABLE III. Changes in the proportion of Colcemid arrested 
metaphases in the basal cell layer of hairless mouse epidermis after 
i.p. injection of 10 pg adrenalin" 
Time after 
adrenalin 
Anested metaphases per 1,000 basal cells 
injection Treated Controls % of Controls 
1 hr 30 min 11.8 ± 4.1 1' 19.5 ± 5.7 61 ± 21 
2 hr 5.8 ± 1.3 11.0 ± 1.9 53± 12 
3 hr 16.0 ± 2.7 24.8 ± 0.6 65 ± 11 
4 hr 48.8 ± 6.5 47.3 ± 5.2 103 ± 14 
5 hr 46.8 ± 14.6 43.5 ± 12.8 108 ± 33 
"Colcemid was given at the time of adrenalin injection when adren-
al in was given 4 hr or less before sacrifice. When the adrenalin affect at 
5 hr was studied, Colcemid was given 4 hr before sacrifice . 
"SEM. 
TABLE I. Changes in the proportion of epidermal propha.ses and metapha.ses in the basal cell layer of hairless mice after i.p. injection of 10 
J.tlJ adrenalin . 
Mitoses per 1,000 basal ce lls 
Time after Pr·ophases Meta phases 
adrenal in 
injection Tr·eated Control % of control Treated Control % of control 
15 min 10.8 ± 3.3" 11.0 ± 2.2 98 ± 30 4.0 ± 1.4 3.8 ± 1.3 105 ± 26 30 m in 22.3 ± 4.1 14.9 ± 1.3 150 ± 28 5.1 ± 0.9 4.1 ± 0.7 124 ± 22 
1 hr 29.4 ± 1.8 13.0 ± 2. 1 226 ± 14 0.71 ± 0.5 8.9 ± 1.8 8.0 ± 6 
1 hr 30 min 14.6 ± 2.8 10.8 ± 2.9 135 ± 26 5.8 ± 1.7 7.4 ± 1.9 78 ± 23 
2 hr 17.0 ± 2.3 22.3 ± 2.4 76 ± 10 4.5 ± 1.2 8.0 ± 0.8 56± 15 
3 hr 22.0 ± 2.3 15.0 ± 1.2 147 ± 15 8.0 ± 2.0 5.8 ± 1.0 138 ± 34 
4 hr 19.0 ± 1.1 15.3 ± 3.9 146 ± 7 10.8 ± 3.0 9.3 ± 2.2 116 ± 32 
5 hr 24.8 ± 2.9 14.5 ± 4.3 . 171±20 13.0 ± 4.8 5.8 ± 1.3 224 ± 83 
n SEM. 
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FIG 2. Cha.nges in the proportion of epidermal basal cells with S 
phase DNA content after i.p. injection of 10 p.g adrenalin to hairless 
mice. (Control value 100%.) 
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FIG 3. Changes in the proportion of epidermal basal cells with G2 
phase DNA content after i.p. injection of 10 p.g adrenalin to hairless 
mice. (Control value 100%.) 
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FIG 4. Cha nges in t he proportion of epiderma l prophases in the 
basal cell layer of hairless mice a fter i.p. injection of 10 p.g of adrenalin. 
than 1 hr after adrenalin administration, suggesting that the Gz 
phase duration is considerably reduced, compared with the 
mean of more than 2 hr found at this time of the day [13]. If 
the partially synchronized wave of cells had proceeded further 
through prophase, one would expect a peak of cells in meta-
phase immediately after that in prophase. On the contrar·y, 
considerably reduced metaphase values coincide with and fol-
low the peak in prophase (Fig 4 and 5). This strongly suggests 
a block in cell progression through prophase, while cells are 
allowed to leave the metaphase with a normal to increased 
speed. This assumption is supported by the calculated estimates 
of the prophase and metaphase durations for 0-1 hi" after 
adrenalin administration (Table IV), showing a considerably 
increased prophase duration and a slightly reduced metaphase 
duration. A reasonable explanation for this is that adrenalin 
stimulates metabolic processes required for transition of c~Us 
from S phase to prophase, but that some critical proteins 
necessary for completion of mitosis are lacking, preventing 
further cell cycle progression. A minimum duration of the G2 
period therefore seems to be required for the synthesis of such 
proteins. 
The Colcemid arrest experiment in Table II shows that 
although cells are blocked transiently in prophase, a normal to 
slightly increased cell flux into metaphase is maintained dul"ing 
the first hour and 30 min after adrenalin administration. The 
increased proportion of labeled mitoses seen during the same 
period (Fig 6), therefore means that the cells reaching meta-
phase in this period are cycling more rapidly through G z phase 
and prophase than normally. This implies that adrenalin in-
creases the rate of cell progression from S phase through G2 
phase, prophase and into metaphase in some cells, while others 
June 1982 
are delayed in prophase. It is reasonable to assume that most 
prophase-blocked cells were stimulated out of S phase by 
adrenalin, but it is possible that some were in G2 phase when 
adrenalin was given. Strong evidence for the existence of slowly 
and rapidly progressing subpopulations of cells in G2 phase has 
been presented [14). Such subpopulations may respond differ-
entially to adrenalin, and hence be responsible for the observed 
differential cell kinetic response. 
Between 1.5 hr and 3 hr after adrenalin administration there 
is a significant reduction in the mitotic rate to about 60% of 
control values (Table III). This is not caused by any accumu-
la6on of cells in prophase or G2 phase, since prophase and G2 
phase values were normalized before this reduction occurred. 
The accumulation of cells in S phase between 2 lu and 3 hr 
after adrenalin administration seems to be due to a block in S 
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FIG 5. Changes in the proportion of epidermal metaphases in the 
basal cell layer of hairless mice after i.p. injection of 10 p.g adrenalin. 
TABLE IV. Estimated durations of prophase and metaphase at 
various time intervals after i.p. injection of 10 p.g adrenalin" 
Time interval Prophase duration Metaphase duration 
after adrenalin After After administration adrenalin Controls ad1·enalin Controls 
0-1 hr 3.4 hr 1.6 hr 0.5 hr 0.7 hr 
2-3 hr 1.9 hr 1.4 hr 0.6 hr 0.5 hr 
3-4 hr 0.6 hr 0.7 hr 0.3 hr 0.3 hr 
" Calculations were based on the values in Tables I to III and as 
described in the text. 
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FIG 6. Percent labeled mitoses after i.p. injection of 10 p.g adrenalin 
or saline in hairless mouse epidermis. 3H-TdR was given immediately 
before ad1·enitlin administration. 
phase rather than to a synchronous influx and progression of 
cells through S phase, since the proportion of cells in G2 phase 
is subsequently reduced and not increased. An accumulation of 
cells in S phase due to a reduced efflux is therefore the best 
explanation for the reduced mitotic rate observed at about the 
same time. It cannot be excluded, however, that a block at the 
G1/S transition also may contribute to this reduction. 
The concept of adrenalin action on the epidermal cell cycle 
kinetics that emerges from the present study is as follows: 
Adrenalin administration will induce a partially syncru·onized 
cohort of cells to leave S phase and to traverse G2 phase at an 
increased rate. Some of these cells rapidly reach metaphase as 
shown by the per r,ent labeled mitosis graph (Fig 6) , whereas 
others are delayed in prophase (Fig 4 and 5) . After normaliza-
tion of the prophase delay, a delay in S phase transit occurs 
that may explain the reduced mitotic rate observed 2 to 3 hr 
after adrenalin administration (Table III). 
The stress reaction induced by the injection procedure results 
in release of endogenously formed adrenalin, corticosteroids 
and other humoral factors. Such effects, however, should be 
sufficiently accounted for by using saline injected controls. 
Distinct cil·cadian variations in cell kinetic parameters have 
been observed in hail·less mouse epidermis [13]. It is possible 
that circadian variations in the cell kinetic response to adrenalin 
also exist, and that experiments performed at different times of 
day might be modified by such variations. 
Adrenalin increased cyclic AMP formation in hamster epi-
dermis in vitro [15]. It is therefore probable that the initially 
increased cell cycle progression observed after adrenalin admin-
istration is mediated by cyclic-AMP. The subsequent reduction 
in the mitotic rate, however, might not be mediated directly by 
adrenalin and thus be a secondru·y drug effect. 
An increased number of Colcemid arrested mitoses in hairless 
mouse epidermis 1 ru· after adrenalin injection has been ob-
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served both in vivo and in vitro [5,16), and an increased 
proportion of labeled mitoses was observed in vivo [5]. From 
these observations it was concluded that adrenalin had a pro-
moting effect on the mitotic rate. The increased proportion of 
labeled metaphases seen shortly after adrenalin in the present 
experiment agrees well with the results presented by Evensen 
[5). In mouse ear epidermis in vitro it was shown that adrenal in 
decelerated the entry of epidermal cells into mitosis and that 
cells in mitosis were accelerated out of this phase [ 4). This is in 
agreement with the reduction in Colcemid arrested metaphases 
(Table III) , and with the reduced metaphase duration (Table 
IV) and emptying of the metaphase (Fig 5) seen shortly after 
adrenalin in this study. However, no increase in the proportion 
of prophases after incubation of mouse ear epidermis with 
adrenalin in vitro was observed [ 4). It is not very smprising 
that adrenalin effects are different in vivo and in vitro, espe-
cially since the in vitro doses cannot be directly compared with 
what is given in vivo. It is also likely that different adrenalin 
doses in vivo will differ in their time-response profiles of the 
kinetic reaction. 
An inverse relationship between the number of epidermal 
mitoses and bodily activity, and a dramatic reduction of epi-
dermal mitoses during stress have been shown [17,18). This 
suggests an involvement of corticosteroids and adrenalin in the 
circadian stage dependent changes in epidermal division activ-
ity. Clausen et al showed that the increased epidermal mitotic 
rate seen in the early morning in hairless mice was best ex-
plained by a synchronous release of cells delayed in S phase 
around midnight, and that corticosteroids were not likely to 
induce such changes [13). Mice are nocturnal animals and show 
a high body activity at night. Since adrenalin was shown to 
accumulate cells in s phase in the present study, it is possible 
that adrenalin may induce accumulation of S phase cells at 
around midnight in mouse epidermis, and hence contribute to 
the circadian rhythm in epidermal mitotic activity. 
We thank Aasa Schj!illberg and Eva Moen for excellent 
technieal assistance. 
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